Following complete nerve transection, entubulation of the nerve stumps helps guide axons to reconnect distally. In this study, a biodegradable and noncytotoxic tyrosine-derived polycarbonate terpolymer composed of 89.5 mol% desaminotyrosyl tyrosine ethyl ester (DTE), 10 mol% desaminotyrosyl tyrosine (DT), and 0.5 mol% poly(ethylene glycol) (PEG, molecular weight [Mw] = 1 kDa) [designated as E10-0.5(1K)] was used to fabricate conduits for peripheral nerve regeneration. These conduits were evaluated against commercially available nonporous polyethylene (PE) tubes. The two materials are characterized in vitro for differences in surface properties, and the conduits are then evaluated in vivo in a critical-sized nerve defect in the mouse femoral nerve model. Conduits were fabricated from E10-0.5(1K) in both porous [P-E10-0.5(1K)] and nonporous [NP-E10-0.5(1K)] configurations. The results illustrate that adsorption of laminin, fibronectin, and collagen type I was enhanced on E10-0.5(1K) compared to PE. In addition, in vivo the E10-0.5(1K) conduits improved functional recovery over PE conduits, producing regenerated nerves with a fivefold increase in the number of axons, and an eightfold increase in the percentage of myelinated axons. These increases were observed for both P-E10-0.5(1K) and NP-E10-0.5(1K) after 15 weeks. When conduits were removed at 7 or 14 days following implantation, an increase in Schwann cell proteins and fibrin matrix formation was observed in E10-0.5(1K) conduits over PE conduits. These results indicate that E10-0.5(1K) is a pro-regenerative material for peripheral nerves and that the porosity of P-E10-0.5(1K) conduits was inconsequential in this model of nerve injury.
Introduction

P
eripheral nerve injuries present a serious medical concern, constituting *2.8% of all trauma cases in the United States, and *100,000 neurosurgical procedures in the United States and Europe annually. 1, 2 Although peripheral nerves are able to regenerate, their regeneration often results in poor functional recovery. As axons extend across large gaps slowly, they often make random reconnections with axonal targets and do not reach the distal stump until long after denervation has already occurred. 3 This poor recovery leads to inadequate muscle contraction and coordination, poor reflexes, allodynia, and an overall lower quality of life. [4] [5] [6] Methods of repair for peripheral nerve defects depend upon the severity of the injury. When the defect is small enough, nerve stumps can be directly sutured together, endto-end. 7 However, when the defect is too extensive, grafts of sensory nerves, decellularized nerves, or synthetic conduits are sutured to the nerve stumps to act as a guide and protective space for the regenerating nerve. 8 Many naturally existing conduits can be used to bridge nerve gaps, including the vein, artery, muscle, or nerve segments. 9 Autologous nerves are preferred, yet limited availability of donor nerves, donor-site morbidity, and differences in the structure and size of the nerve are thought to limit recovery. 10, 11 Complete recovery of motor and sensory nerve functions following an autograft procedure is still less than 50% of treatment cases, indicating the much needed necessity for improvement. 12 Synthetic conduits are commonly used as an alternative to autografts for nerve regeneration, as there is no limitation on their supply, their chemical structure can be altered to adjust their properties, and they can be fabricated into designs with various dimensions to fit different size defects. 10, 11 Nondegradable materials such as silicone have been fabricated into conduits and used for entubulation as they are inert, readily available, and able to facilitate repair of transected nerve gaps up to 3 cm in length. 13 Nondegradable polyethylene (PE) has shown similar capabilities, but thus far only in animal models. [14] [15] [16] Whereas these conduits have provided an important benchmark for nerve regeneration, their inability to degrade can result in chronic host tissue response and/or nerve compression months after implantation, deterring regeneration. [17] [18] [19] To avoid these issues, biodegradable materials have been developed and utilized for the fabrication of nerve conduits. Studies from over the past 20 years have resulted in the approval by the U.S. Food and Drug Administration (FDA) of several biodegradable nerve conduits. 20 However, when these conduits are used empty in experimental and clinical studies, to treat injuries greater than the critical size, [21] [22] [23] nerve regeneration and functional recovery are significantly impaired as compared to autografts. 11, [24] [25] [26] [27] Ongoing issues, such as swelling that can occlude the inner lumen, inappropriate degradation rates, and cytotoxic degradation products, are believed to be associated with inhibiting regeneration. 2, 9, [28] [29] [30] To meet the ongoing need for an optimal material for nerve conduits, we are exploring the library of tyrosinederived polycarbonates. Tyrosine-derived polycarbonates are a combinatorially designed library of over 10,000 distinct polymer compositions. Within this library, specific polymer compositions have been discovered that offer optimum properties for the construction of coronary stents 31 and bone regeneration. 32 In general, these polymers cover a wide range of degradation and resorption rates, 33 a broad range of mechanical properties, 34 and exhibit long-term compatibility with the surrounding tissue. 35 In this study, a specific tyrosine-derived polycarbonate composition (89.5 mol% desaminotyrosyl tyrosine ethyl ester [DTE], 10 mol% desaminotyrosyl tyrosine [DT], and 0.5 mol% of poly(ethylene glycol) [PEG] with Mw of 1 kDa) was evaluated for its potential to enhance nerve regeneration in vitro and in vivo. For brevity, this polymer is designated as E10-0.5(1K). The degradation time of this polymer is such that no significant degradation occurs during the timeline of the experiments outlined below. Therefore, any concerns regarding degradation are not confounding the results of the study. In vitro studies on two-dimensional (2D) substrates indicated that protein attachment and neurite outgrowth are significantly enhanced on E10-0.5(1K) as compared to PE. For an in vivo evaluation of nerve conduits fabricated from E10-0.5(1K), the mouse femoral nerve model, first introduced by Brushart, [36] [37] [38] was employed. This model is well-characterized and allows for both morphological and functional measures of recovery. [39] [40] [41] [42] The femoral nerve is the sole innervating nerve to the quadriceps muscle. Loss of innervation to this muscle results in reliable and readily quantifiable deficiencies in the function of the affected limb that correspond to the histology of the regenerated nerve. 15, 39, 43 A critical size gap (5.4 -1.0 mm in a mouse) in the femoral nerve was used as the nerve injury. 21, 44 Although other mouse nerve models have employed an autograft as a method of repair and compared it to a nondegradable silicone nerve conduit, 45 the use of a mouse femoral nerve autograft has not been performed to date. NP-PE conduits are commonly used in the mouse femoral nerve model 15, 40 and were therefore chosen as a comparative treatment method to the use of E10-0.5(1K) conduits in this study. In vivo experiments found that both porous [P-E10-0.5(1K)] and nonporous [NP-E10-0.5(1K)] conduits supported significantly greater nerve regeneration and functional recovery than nonporous PE (NP-PE) conduits. Evaluation of recovery at early time points suggested that this enhancement is correlated with greater Schwann cell presence and a more rapid formation of the fibrin matrix, which are both key early features of peripheral nerve regeneration.
Materials and Methods
Conduit fabrication
E10-0.5(1K) (Fig. 1) , synthesized utilizing previously published procedures, 46 was used in this study. Briefly, hollow conduits with an inner diameter of 580 mm were fabricated using a dip-coating (KSV dip-coater; KSV Instruments, Inc.) technique in which a Teflon-coated mandrel was dipped at a constant rate (40 mm/min) into a polymer solution. For nonporous conduits, a solution containing 900 mg of polymer in 3 mL of methylene chloride was used. For porous conduits, a solution of 450 mg of sucrose crystals, sieved to 25-45 mm, and 450 mg of polymer dissolved in 3 mL of methylene chloride was used. Following dip coating, the mandrels were dried in vacuum overnight, and conduits were pulled off and cut to 5 mm length for in vivo evaluation. For porous conduits, the sucrose was leached out in water to create a porous structure. Commercially available PE tubes were also used as nerve conduits (5 mm length, 0.58 mm inner diameter; Becton Dickinson).
In vitro evaluations
In vitro assessment of conduit material with spinal cord neurons and Schwann cells. The effect of E10-0.5(1K) and PE on neurite outgrowth and Schwann cell attachment and extension was determined using glass coverslips spin coated with E10-0.5(1K) (2.5% w/v solution in tetrahydrofuran) or coated with a thin self-adhering film of PE (VWR).
To facilitate cell survival and outgrowth, coverslips were coated with 200 mg/mL of poly-L-lysine (PLL; Sigma) followed by 20 mg/mL of laminin (Invitrogen). Embryonic spinal cord neurons were isolated and purified for a motor rich population. Schwann cells were isolated and purified from the sciatic nerves of P2 neonates according to published protocols, 47 yielding cultures with > 95% of cells staining positive for S100b. Cells were seeded onto coverslips (1.5 · 10 4 cells/coverslip) and maintained for 48 h at 37°C with 5% CO 2 . Neurites and the process outgrowth of neurons and Schwann cells were evaluated using the b-tubulin antibody (Covance; 1:500) and S100b (Abcam; 1:500), respectively, with both cell types visualized using the Alexa Fluor 488 secondary antibody (Invitrogen). Nuclear staining was performed with Hoechst 33258 stain (AnaSpec, Inc.). The length of total neurites/processes per cell was measured using ImageJ (NIH). For each coverslip, 10 randomly chosen representative images were analyzed in a double-blind manner and neurites were binned based on their length.
Protein adsorption assay. The relative amounts of protein adsorption for three extracellular matrix (ECM) molecules (laminin [Invitrogen] , fibronectin [Invitrogen] , and collagen type I [Advanced Biomatrix]) on E10-0.5(1K) and PE films were evaluated. E10-0.5(1K) films prepared by compression molding and PE films (VWR) were fit into a 96-well plate. A 70 mL solution of each protein (20 mg/mL in ddH 2 O) was added to each well and allowed to adhere to the films at 37°C for 48 h. After the supernatant was removed, each well was rinsed thoroughly and blocked with media containing fetal calf serum. After rinsing, the primary antibodies against each protein were added for 1 h at room temperature (Millipore; 1:100). The entire rinsing process was repeated, and a secondary horseradish peroxidase (HRP)-conjugated antibody (Millipore; 1:200 dilution) was added for 1 h at room temperature. The rinsing process was repeated once more, and Luminol (Invitrogen) was added to each well. After 5 min, the luminescence from each well was read using a Tecan plate reader with an integration time of 1000 ms and a settle time of 500 ms. Protein amounts were normalized to the control surface, tissue culture polystyrene.
In vivo evaluation
Surgical methods and animal groups. All experiments were conducted in accordance with the Institutional Animal Care and Use Committee (IACUC). Female C57BL/6J mice (age 3 months) were anesthetized by intraperitoneal injection of a ketamine (80 mg/kg) and xylazine (12 mg/mg) mixture. The left femoral nerve was surgically exposed, and a nerve transection was performed at a distance *3 mm proximal to the bifurcation of the nerve. The cut ends of the nerve were inserted into the saline-filled nerve conduit and fixed on each end with a 10-0 nylon suture (Ethicon), so that a 5 mm gap was present between the proximal and distal stump. The incised skin was closed with wound clips, which were removed 2 weeks post-surgery. Three animal groups (eight animals each) receiving the three conduit types were compared over a 15-week time period, including P-E10-0.5(1K), NP-E10-0.5(1K), and NP-PE.
Motor function recovery. Functional recovery was assessed using a single-frame motion analysis approach (SFMA). 40 Animals were trained to perform a beam walking test before implantation of the conduit. Following surgery, this test was performed weekly until the endpoint of the experiment. Rear view videos of the mice walking were collected using a high-speed camera (A602fc; Basler). The movements of the hind legs during the normal gait cycle were analyzed from individual video frames using SimiMotion (SIMI Reality Motion Systems). The foot base angle (FBA) 40 was measured to evaluate the function of the quadriceps muscle. Additionally, the protraction limb ratio (PLR) 40 was measured, while the mouse performed a voluntary movement during a pencil grip test.
A recovery index (RI) was calculated for each animal for both the FBA and the PLR to provide a relative measure of functional recovery. The RI was calculated as a percentage using the following formula:
where X week 0 , X week 1 , and X week y are intact values at week 0 (either FBA or PLR), values measured at week 1 after injury, and at week y (where y is the endpoint of the study, week 15), respectively. 40 An RI value of 100 indicates complete recovery of the femoral nerve.
Histomorphometric analysis of explanted nerve. Following perfusion with 4% paraformaldehyde at 16 weeks, femoral nerves were dissected from animals and morphometric analysis was performed according to the standard protocol. 48 The total number of myelinated axons per nerve cross section, raw tissue area, cross-sectional area of the regenerating cable, and the % nerve regeneration were measured with ImageJ. Axonal (inside the myelin sheath) and nerve fiber (including the myelin sheath) diameters were measured in a random sample from each section.
Western blot analysis of nerve exudates at 1 week in vivo. To evaluate the presence of Schwann cells within nerve conduits, western blot analysis of Schwann cell markers was performed on nerve exudates. 49 Conduits (n = 3) were implanted into the mouse femoral nerve for 1 week after which animals were sacrificed and nerve exudates within the conduits were removed and run on an SDS-PAGE gel (Invitrogen) and transferred to PVDF membranes (Biorad). Membranes were blocked and probed with antibodies against S100b (1:1000), glial fibrillary acidic protein (GFAP, 1:50,000), GAPDH (1:1000), and b-actin (1:5000) (Abcam) and detected through HPR luminescence of secondary antibodies. 50 Densitometric analysis was performed to quantify band density of GFAP, S100b, and actin from the western blot using ImageJ (NIH). Amounts were normalized based on actin loading control.
Morphological analysis of fibrin matrix formation. Animals (n = 3 per condition) were sacrificed at 2 weeks postimplantation to visualize the presence of fibrin strands. Nerve explants were postfixed in osmium tetroxide and embedded in resin according to the standard protocol. Longitudinal 1-mm-thick sections of the nerve were cut and stained with 1% toluidine blue/1% borax in distilled water. Conventional light microscopy was used to visualize the presence and orientation of the fibrin matrix. 51 Statistical analysis. The study was designed to allow comparison of the effects of polymers E10-0.5(1K) and PE in 520 EZRA ET AL. both a 2D and conduit fashion on nerve regeneration. Variance analysis using a one-way analysis of variance was used followed by post hoc planned comparisons with the Tukey's test. Differences were considered significant at p < 0.05.
Results
In vitro characterization
Both PE and E10-0.5(1K) nonporous conduits had a similar appearance based on SEM micrographs ( Fig. 2A, D, C, F) . The porous E10-0.5(1K) conduits had an interconnected pore structure, and the degree of porosity and mean pore size of the conduits were 55.2% -1.2% and 35.7 -9.0 mm, respectively (Fig. 2B, E) . The conduits fabricated from E10-0.5(1K) are opaque, nonflexible (at the 5 mm lengths), have an internal diameter of 580 mm and an external diameter of 680 mm. All conduits remained intact throughout the study.
Material and cell studies revealed disparate properties among the conduit types. The response of motor neurons to the different materials was assessed on E10-0.5(1K) and PE 2D films coated with PLL and laminin. Longer axons were observed on E10-0.5(1K) when compared to PE (Fig. 3) , as indicated by the peak shift of E10-0.5(1K) to the right of the PE and control substrate peaks. An assessment of Schwann cell attachment and extension of processes on the differing substrates revealed that E10-0.5(1K) similarly promoted these aspects as compared to PE (Fig. 3B, C) . The adsorption of proteins essential to nerve regeneration to the different materials was also significantly different (Fig. 4) . The amounts of three ECM proteins adsorbing to E10-0.5(1K) were significantly greater as compared to PE films. 
In vivo evaluation
Motor function recovery. Functional recovery was quantified by SFMA of the FBA and PLR (Fig. 5 A-D) , using well-established methods. 40 By week 8, animals that received E10-0.5(1K) conduits showed a marked improvement in the FBA as compared to mice that received NP-PE conduits (Fig.  5E) . Improvement of motor function in E10-0.5(1K)-treated animals was also demonstrated by the PLR, irrespective of whether porous or nonporous conduits were used, by as early as 2 weeks (Fig. 5G) . Results collected up to 15 weeks demonstrate that the PLR value for animals with E10-0.5(1K) conduits approached pre-surgical values at a faster rate than animals treated with NP-PE.
Calculation of the RI further supported that recovery promoted by E10-0.5(1K) was enhanced over that promoted with PE conduits. Animals that received E10-0.5(1K) conduits achieved RI values approaching 50% for the FBA (Fig.  5F ) and 100% for the PLR (Fig. 5H) . Animals that received NP-PE conduits demonstrated an average RI value for the FBA of -26% and an average RI value of 23% for the PLR. The tight grouping of the animals within each E10-0.5(1K) group indicates consistent performance in contrast with the variation in the RI values calculated from animals receiving NP-PE conduits. Overall, the functional results indicate that the use of an E10-0.5(1K) conduit results in significant recovery of functional movement, irrespective of E10-0.5(1K) conduit porosity.
Histomorphometric analysis. At the endpoint of the study, nerves were analyzed for histomorphometric features (Fig. 6) . A significantly greater number of axons were present within regenerating nerve cables formed within E10-0.5(1K) conduits with a smaller area of raw fibrous tissue, regardless of the presence of pores in the outer walls. The cross-sectional area of the myelinated nerve fibers was significantly greater in all E10-0.5(1K) conduits as compared to the NP-PE conduit, and a greater percentage of this area was occupied by myelinated nerve fibers.
Representative 100 · images of 1-mm-thick cross sections postfixed in osmium tetroxide as well as the fiber diameter distribution from each condition are shown in Figure 7 . The E10-0.5(1K) conduits generated nerve cables with a large number of axons, fascicular structures, a large range of nerve fiber diameters, and little fibrous tissue, while the NP-PE conduits contained few, if any, evident axons. The inner Early differences in nerve repair between conduit materials. The initial formation of a fibrin cable helps support axonal in-growth and Schwann cell infiltration and is crucial for determining at an early time point the final outcome of the regenerating nerve cable. 52 We found that longitudinal fibrin strands could be observed 2 weeks post-implantation in E10-0.5(1K) conduits (as indicated by the black arrow in Fig. 8A ), but not in NP-PE conduits (Fig. 8A, B) , suggesting the initiation of the formation of a fibrin cable across the nerve gap. 53 Furthermore, western blot analysis of Schwann cell markers within nerve exudates 1 week post-implantation revealed a greater abundance of S100ß and GFAP immunoreactivities in exudates removed from E10-0.5(1K) conduits as compared to exudates removed from within NP-PE conduits (Fig. 8C, D) .
Discussion
Through this study, we have found that conduit material can play a key role in the regenerative potential of a nerve guidance conduit by directly affecting the key processes associated with successful regeneration, such as protein adsorption, fibrin matrix formation, and Schwann cell infiltration. Conduits fabricated from E10-0.5(1K) outperformed conduits fabricated from PE. Our study also suggests that the conduit material, rather than the wall structure (porosity), can primarily influence the regenerative potential of a conduit in vivo. It will be essential to test these conduits for their ability to promote regeneration in larger animal models and in larger, more commonly used nerves, such as the rodent sciatic nerve. Using larger animal models and nerves will make it possible to compare against FDA-approved conduits that are clinically used.
The differences observed between the E10-0.5(1K) and PE conduits in this study may be due to a specific interaction of the regenerating elements, including ECM proteins, Schwann cells, and fibroblasts, with the material constituting the outer conduit wall as numerous studies have shown the role each of these elements has on in vivo nerve regeneration. [54] [55] [56] [57] Given that histology showed all axons growing in the middle of conduit, it is doubtful that regenerating axons extensively interacted directly with the inner wall of the conduit. Protein adsorption to biomaterials is known to play a significant role in the final regenerative outcome of a nerve conduit, as it is one of initial events post-implantation, and influences later biological events, such as cell attachment and 
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outgrowth, which occur through a necessary layer of adsorbed proteins. 58 In fact, many new biomaterials are modified to promote protein adsorption, such as grafting with bioactive peptides to encourage cell attachment and migration. 59, 60 Postfabrication, several methods have been employed to determine the capability of the material to adsorb serum proteins in vitro. For example, Woo et al. investigated the adsorption of fibronectin, laminin, vitronectin, and bovine serum albumin to nanofibrous poly(L-lactic acid) scaffolds using a MicroBCA protein assay kit and found differing amounts of adsorption based on the architecture of the scaffold. 50 Similarly, Wang et al. and Cai et al. studied protein adsorption from the cell culture medium onto poly(propylene fumarate), poly(caprolactone fumarate), and poly(e-caprolactone acrylate) disks varying within a range of chemical compositions. Findings showed amounts of protein adsorption correlated to sequential changes in the chemical composition of the polymer. 54, 61 In this study, E10-0.5(1K) appears to intrinsically encourage protein adsorption. Taken together with data in the literature, it is most likely that conduits fabricated from E10-0.5(1K) stimulated greater adsorption of serum proteins within the inner lumen in vivo, consequently enhancing neurite extension and the rate and quality of nerve regeneration. 4, [62] [63] [64] [65] Our results also demonstrated that Schwann cell migration into the injury site and fibrin matrix formation are positively influenced by the E10-0.5(1K) composition. Additionally, in vitro results showed that Schwann cell attachment and extension on E10-0.5(1K) was significantly greater than on PE. Within the first hours following nerve transection and conduit implantation, wound fluid rich in nerve-supporting factors fills from both nerve stumps into the conduit inner lumen. [65] [66] [67] During this process, the fibrin matrix (derived from plasma precursors) accumulates naturally to form a complete bridge across the chamber gap providing a substrate for cellular migration. 51 The E10-0.5(1K) conduit may encourage the early orientation of regenerating components on its own, as opposed to filling the inner lumen with a synthetic material to act as a longitudinal cable. [68] [69] [70] This may occur by increasing infiltrating Schwann cells and fibroblasts across the nerve injury gap accelerating the temporal progress of regeneration.
Longitudinal sections (Fig. 8 and additional samples not shown) demonstrate that the fibrin matrix develops within the E10-0.5(1K) conduits earlier than within the NP-PE conduits. This matrix behaves as a physical scaffold for nonneuronal calls, including fibroblasts, Schwann cells, macrophages, and endothelial cells to influence axonal elongation and initiate the regenerative process. 51, 71 Due to the critical role Schwann cells play in nerve regeneration, we used biochemical analysis techniques (Fig. 8C) to investigate the presence of proteins specific to Schwann cells within the nerve conduits post-implantation. 51, 57, 64, 72, 73 Results showed that these protein levels were higher in E10-0.5(1K) conduits as compared to conduits fabricated from PE. Although equal total amounts of protein were analyzed, western blot analyses show that standard proteins, GAPDH and ß-actin, both intracellular, were higher in the PE as compared to the E10-0.5(1K) material. This finding indicates that relatively more intracellular proteins were present within the NP-PE conduits than within the E10-0.5(1K) conduits, and conversely, more extracellular proteins were present within the E10-0.5(1K) conduits than within the NP-PE conduits.
In addition to material compositions playing a key role in the regenerative potential of a conduit, we investigated whether or not the presence of pores in the outer conduit wall plays a role. Some reports demonstrate benefits of using porous nerve conduits, which are hypothesized to facilitate the flow of nutrients and factors that enhances cell migration and fibrin cable formation, 74, 75 while others show the benefits of using nonporous conduits, which better contain the fluid and cells secreted by the nerve stumps at the injury site, in direct association with the regenerating axons. 76 However, very few studies directly compare porous to nonporous nerve conduits. Of the small number of studies that do compare the two, no study directly compares a single layer nonporous and porous conduit fabricated from the same material as we did in this study using E10-0.5(1K). Our results show no statistical differences between the functional recovery of the animals treated with a P-E10-0.5(1K) conduit or a NP-E10-0.5(1K) conduit or in the quality of the nerve regenerated, implying that both conduits have similar effects on the nerve regeneration outcome. It is possible that the improved interactions with exudate proteins outweigh the benefits of having pores within the outer conduit walls. In longer nerve gaps, or in the treatment of larger diameter nerves, the presence of pores in the outer conduit wall may have an additional beneficial effect not seen in this study. Additionally, for materials that are not as apparently beneficial as E10-0.5(1K) on nerve regeneration, porosity may be more of a driving factor in successful regeneration, allowing for greater diffusion of nutrients, growth factors, and cells into the inner lumen and may help to develop and sustain a viable fibrin matrix across the entire length of the nerve gap. 77 When E10-0.5(1K) conduits were compared against a NP-PE conduit, animals treated with E10-0.5(1K) conduits statistically performed better. Transection of the femoral nerve leads to atrophy of the quadriceps muscle and prevents proper extension, which can be visualized during individual steps of the mouse taken during the normal walking cycle. 40 Functional results for the FBA test as early as week 6 postinjury clearly illustrate that functional recovery is sensitive to the type of conduit used, and that an E10-0.5(1K) conduit improves function as compared to a NP-PE conduit. The FBA for animals treated with NP-PE conduits remained constant at an elevated value of *100°throughout the 15-week study. This finding is in accordance with other studies in which NP-PE conduits filled with saline were used to repair a 5 mm transection in the mouse femoral nerve. 41 Additionally, results from the PLR, which evaluate the ability of the mouse to voluntarily extend the knee joint without any body weight support, demonstrate that animals treated with E10-0.5(1K) conduits performed significantly better than animals treated with NP-PE conduits.
Conclusions
The present study provides significant new observations on the interplay between the material properties of a nerve conduit and the axonal response observed both in vitro and in vivo. In this study, we used a specific polymer composition [E10-0.5(1K)] selected from a combinatorially designed polymer library of over 10,000 distinct tyrosine-derived polycarbonate compositions. Whereas E10-0.5(1K) clearly outperformed a conventional PE conduit, it is possible that the tyrosine-derived polycarbonate library contains polymer compositions that may perform even better. Our results indicate that one potential way to discover these compositions is to screen polymer candidates for their ability to absorb neuroinductive ECM molecules on their surface. A second observation is related to the side-by-side comparison of porous and nonporous E10-0.5(1K) conduits in a critical size defect in the mouse femoral nerve. Based on the data presented here, we conclude that in this particular animal model, conduit porosity is not affecting nerve regeneration. We recognize that additional comparisons of porous and nonporous conduits in different animal models are needed, before we can reach a final conclusion on the long-debated question of the advantages of porous nerve regeneration conduits.
